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Tais report was prePared by the Taxtiles Brauch and was iniiihted
under Froject No. 7320, “Alr Force Textile Materials", Task No. 73202,
"Alr Force Clothing Textile Materials", formerly RDO Ke. 6i2-13, “Alr
Force Clothing Textile Materials”, and was administered under the
direction of the Materials laboratory, Directaorate of Ressarch, wright
Alr Development Center, with It C, w. long and Lt R, M, Kllis scting
as project engineers, Worl vas initieicd as a part of the weol
conservation progras established by Headjuarters, USAF, Haterials
discussad herein were developed ty Goodall Sanford, Inc., Prirncetor
Knitting Mills, and George W. “lorg Corp. under USAF contracts AF 33(600)-
15961, AP 33(600)-9U1E and AF 3(616)-77, respectively. Test daia
presented are based upon tests coaducted at Materials laboratory,
Directorate of Research, Wright Al Development Center.

This ro ort covers wirx c.nducicd from asust 13%2 to aucust 1354,
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ABSTZALT

This is & repart on pile falrice aads from syntbstic fibers, cotton,
wool and mmercus blends therecf, Thare ware ibrec tochnigues ecployed
in the coastructior of the pile fabrics developed under this project:

(1) woven cut pile fabrics Yy Geodall Senfard, Ine,, (2) inserted pile.
kmitted fabrics by Gecrge w. Farg Corparstion and (3) napped and/or
brushed pile, knitted fuetrics by Frinceton Koitting Milie, Inc, All the
samples developed were coured to ti- atandard wool pile fabtric made
sccording to requirements cf AT Specification HIL-C-5563, 3mch samle
ws tested for warmth and comxpression charactaristics to determine the
effect, if any, of varying thickneases, 2lends, and coastructions. It was
observed that the typd fiber has littl. viiect ob the warmth of a pile
fabric; bhowever, Orlon, Dacron and Dynel cossistontly aprear slightly
better. Rewzlts show that vossilly a double thickness of & relatively
thin pile fabric should deserve considaraticn. Alsc ircludad in this
report are tue results of a stuly on the mathesmtical relatiocship between
the warmth of a Zairic sci the phyeical proerties of the fadrie,
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INTRODUCTI ON

This project was a resuit of the wool conservation program.
Currentlr a wool pile fabric with a woven cotton base cloth ia heing
useqd extensive!lr by the ..ir Force as an insulation fabric in flight
Farments, old weathur rear, etc, Trne objective of this investiga-
tion was to develop an inslation fabric of synthetic fibers or fibers
otlier than wol, that would be equal to or an improvement over the pres-
entls used wool rile fabric. First attempts included the developmemt
of a honeycombh weave fabric. This type fabric contains a considerable
amount of air space which is a recuirement of a pood insulating fabric;
however , for pror » warmth an increase in thickness would be necessary
which, in turn, wu d increase the weirht to the extent that this tyne
fahric would rot be practical. Consideration was alao given to a
Treize type fabric which, in many cases, also oreients a weipht prob-
lem. Pile fabries, on the other hand, can be lisht weirht, of required
thidmess, and low cnst.

ANC Th 54274 vii



F11E FABRICS FOr INSULATIC

Although the tasic requirement of an insulatior fabric is to produce
jroper warmth for the wearer, thare aro other requiresccts that must be
taken into cons lersticn. They are wearability, tendsncy to "uat" after
being cospressed, shrincage to iaundering »n0 sewability.

Because the irsulation fabric is employod beiweon layers of other
fabrics, tosre is no requiressnt for abrasiou resistazos; bnovever, it is
required to bave good wearability. wearability is & geaeral requirement
which inclades phyaical properties not usually called aut as a Jafinite
reqiirewat in addition to the basic requirements. 4n insulation falric
that hes good wear properties will exhibit nearly ths sams physical
proporties, after teing jut into service fof jiolonged lengths of tim:,
as 1t initially exhibited. ;

To te cousidared (= evaluating the suttability of a plle fatric is
the tendeagy to "mat" or "ret" after bLeing cospressed, It would ve very
undesir.ble for a pile fabric to rezain at the compressed tnicikness after

& load 1a relieved. The thicknuess, aud consequently the porowity (rer
cnt air), which are the determin.ng warmth properties of a fadbric, would
be reduced. Therefore, the fabric should be resilient, or should return
to the original thicuress aftar Geing compressed,

Hinlwm shrinkage in cleaning und gool sewmbility are obvious require-
mests, JSoms gwwmnts xaich esplay the uge of an insulation ‘abric will be
laundsred, while nthers .my be iry cleansd. Ths sewmbility characteristics
of tae iosuiation fabric should not neceseitate the use of any equirmect
other than ccaventional types used in fabrication of clothing,

The rcaulta of tests cntucted on all fadrics are given in Tedles 1,
2 and 3, Compression versus thickness surves .l porosity versus thick-
ness curves are presanied in Appendix I to further illustrate thusg
characteristics of snch fuoric. Figures 23, 4 ani 2 of sppendix I are \
bar grapghbs which show (he welght-to-warath ratio, oo losd porosity, and '
compressibility, remectively, for sach fabric, .

Woven, aut pile, fabri.s; Memufacturer: Goodall-Senford, Inc,

These fabrice were constructed like the stundari wool pile fabric
dascride) in Sgecifization MI-C-5563, The weights and thickuessss of all
of thoee Sui,.08 wars neariv the seme, ranging it thickneas froa 242 inch
to . inch, and in weleght from 15,75 oundes per square ynrd to 18,86
aunces per sgunre yurd,

Adrentagee ¢f thess fabrics are timt they possess good comprussion ana
reeil lence properties, Shrinknge cen te neld t~» s rinimun 4ue £9 the
coastruction, anl there will e 0o sfabrization problem,
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Dise’ untages of this tyre of fabric are that rearly all of the
sasp.iey t_re ag heavy or heaviur then the weol comtrol sarple and t.o
porosities wure generally low whi h contrioutes to tme high weight-to-
warnth ratio. e coet of this type fabric would be somewhat nigher
than a similar imitted falric,

Kaitted, . serted rile, fabric; Mamfacturer: Georye W. Borg Ccrp.

These falrics =are aade by inaserting the pile from o siiver form
intc the base fabric while oo che «ritting machice. The mschine pulls
the fibers into the base fablriz and anc'ors tasa so they cen aot be
ensily pulled out. The thicknesses and weights ¢ theso sarples wore
all nearly the same excopt for Mi. 9 and ML 10 which wers consideranly
lighter and not uite as thick.

Mwentages of thls type of fabric are kigh porosities, low conduo-
tance, and relatively low cost.

Disadvantages include high weight et therefore high weight-to-warsth
retio. KL 9 and ML 10 being lighter weight had lower weight-to-wmrath
ratios; however, the coupressidility of these fabrics was high. Also the
eirinkage in lmndering was high.

Initted, negped pile fabric; Mapufacturer: Princeton Knitting
Mlls, Ine,

Those fabrics were knitted with a terry loop on the face which was
nayped to give a smooth pile offect. These fibrics were light weight and
oot very thick.

Advantages of un- typs fabric are light weight, high pa-osity,
good strength, and low cost,

Disadwntagrs are not cutstar’ -y,

One fabric of the knitted, inserted pile type, ML 10, and oue of the
knitted nepred pile type, No. 1, were considered to posesss the Lest
qualities of ths samples submitted, Safficisct yurdage of the sixples
was requested of ths contractor for further test and evaluation. Complete
pysical projerties of these sacyles are presented in Table 4. Considers-
tion has besn given to a double thiciusss of Sexple No. 1. There is a
sombat greater warsth obtained from a double thiccress of a fabric than
a single fabric of the sams total thickness.® In this case the total
might would bs less than that of the stardard sasple, ths thickness
alightly msore, and the warmth afforded would be greater. The porosity is
high encugh for proper warmth, as shown in Table 3, and yet, low ecough
to sliminale any insilation loss due to coanvecticn air aurents. The
disadveitage of this jarticular material (s flammability. S.ch a fabric
mde of Orlon is very flammsble,

¢ Amsrioan Wool Bandbook, Second Kiition, 1948, p. 162,
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Table 4

CRPLUTE PXYUITAL FH 1D 714 7

Propesties
Weight os/ye?
Hrescing strength - 1bs/in

VWales
Courses

Bursting etrengta - 1ta
Sall burst

Thicknesa - ins
MIX Cxtractable matter - %

Brickage in laundering
100°Y - $
¥aloe
Courses
2°r - %
Walse
Cournes
M™ickness after 'aundering - ins,
100°? ’
a2y

Corprmesibility - $
Criginal

After 10C®P laundering
After 22°F laurdiring

Weight to wruth ratio

® CCly, used instead of MEX

aADC TR Sh-17h

Sl bt AND ML 10
No, 1 M 10
6.9 10,78
ug.g k0.0
52.0 3.0
98.4 €0.0
om 027"
1.19 0.7 ¢
1.2 1.3
.3 +1.71
16.n 1.14
3.92 19.2
. .28C
1% ‘7
5’.16 &06
55,42 8,57
%. 68 u5.25
17.76 U, 35




Sumary

It can ue cancludal taat syuthetic plle fubrics are equally as warz: as
wool pile fabrics and ir most cases cau te made lightcr., In the event that
tw present supply of wool were to becrms critical or that the iemnd for
wool exceoded the avallability, 3 suitable synthetic piie fabric could be
producel economically to replace the presenily used wool pile fabric.
Bowever, it would not be advantageous to utilize syntbatics unless suci &
condition should arise, because of the flommbility characteristics of wuch
synthetic fabrics, Generally, syuthetlc plle fabrics will melt or bum
very rupidly, in contrasl to wool plle fabrics which neither sslt nor
exhibit & fast rate of ourning.

DL3CUSSIGH CF TS ~SUHUDS
TEAMAL TRANSMISSION

The apparatus used was a Central 3clentific Compan, therml conductance
dsvice, Figure 1. Thia Jdevice does not take into consideratior the unit
thiccess of the test saxple, but rather the total thickness., khen tae
saaple had been positioned for test it wms coapressed to a e of 23
Ssas per aquare inch, Hy use of the lins rhecetat, thu venometer WwAS
then adjusted slightly above full scale reading. 4is heat was transmitted
through the fabric, the galwonoester needle deflected downward until it
reached thre full soale mari, at which time the test ws started. Galvanon-
otar readings were takeu in increments of 5 minutes for Y0 ainutes and

The vanometer reniings wers plotted on a semilog scule. Y axis,
sgainst “t.ae" on the rectangular scale, X axis. PFros ¢his cures tho
Cential Scientific Compwury tester gave the conductance carresponding to
the ungle of depression. The conductance represents thw Tato of hmat
trmauiesion without considerution of fauric thicaess. If the conductance
i¢ multipliad by the sample weight in cunces per square ;ard, the result
is the weight-to-warsth ratio, which is defined as the weli -1t of the
material psvessary :: proiuce a conductance of 1.00,

OQOMPEESSIBILITY AND PCROSITY

Compressidbility - The appara’us used was a cylindrical glass tube 1.5
io dlaseter wita a fized rule attached, wiich was graduated in

1/100 inchee. See Pigure.2. Tor each %est, five sample thicknesses, 1.5
inches in diasster were placed in tie gradunted cylinder. Thin pleces of
peper of the sane ilamster as the samples were placel detwesn each sample
to prevent thes froa interasshing at the plane of cuntact. Kknown weights
were applied in increments of 16 grams per equare inch from § loal to a
load of 170 grase per square inch fros which the comressica curves in

Appeniix I were plotted,




FIGURE |

CENTRAL SCIENTIFIC COMPANY THERMAL CONDUCTANCE JESTER
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The compressitility was detervined as follows:

.

a. # Compreesibility = (no load thicaness - full load thicaness) X 100
"o Jowd thicuriess

It ia to Le noted that thw above ihickness is Leased on ote sample
thickisas, The tiickness taxen fros the eczle during test was reduced by
the thickness of the separstars and ¢livided by 5, the musber of samples
tested,

The porosity, percect air by volums, was calculated for each fabric
thickness osdbtained in letermination of compressidility, Poroeity versus
thickness curves were plotted and are presented iu ippendix I, The
- porosity was cslculated as follows:

t. $Fe 00358 x ¥ x 100
13

c. F=ion-3%72

whare: ,20338 converts cunces per square yerd to grais per square centizeter
% I = parcant fiter Yy voluoe i
v = fabric veight in cunces per square yard : I

t = fabric thickness in centivelers oy

7 = fiber dsosity in gracs par cublc centineter
F = porosity - percent alr by valuoe

In dsterminirg the compressibility by the above outlined method there
$s oos sauros of error that could very pcssibly affect the results. T™w
saxplos tend to spread cut as welght is sgplied oo top of them, This
amiees the surface around the cirgaafersnce of the samples to be preesed
agninet the walls of the giase cylinier, which axarts a frictiocoal foroe
againat downwery wvsment ae additiocal weights are aprlied. This source
of arror is evideat; howovar, it is saall,

CALOULATICN OF CONIUCTANCE

The total warwth of a fabric is deteralned by the heat tranamission
properties of that fabric. A “wers® fabric acts as an inauiator, and
therefors resists the transmission of heat.

iotal tneulation would be a perfect vacmus. For practical applications,
dend air space is tha best lnmilator, or from a textile stauipoint, the
fabric with the aighest porosity. The percant air in a fabric by volume is
called porosity., Over a wide range of ,ile falrics, inciuding napped, ‘
inserted, ani cut piie, the results of sany tests show tuat tie porosities
of these fabrics, ualomied, are in excess of J0b and less than 6%, Results
presented in Tadbles 1, 2 and ® show that tae porosities are all nearly the

BAC TR Sl 74 10




o, It hae also been ostadlished that the type of i1iber has very little
affect an the theraul insulation of & fabric. The little effect which wight
be ifue to the type of fiber is either too small to measure or maskel by
other factars which nave a wmuch greater effect. Thersfore, the most
imprrtant properties of wu .usulating pile fabric are the co:yr-ssionad
resistance of the fadric and the tendency of the fabric to return to its
origioal thickrness after repeated cycles of loading and unloading, aseuning
that the initiuwl thickness can be ciatrolleu,

There is & definite relationship tetween the warmth of a fabric and ite
degree of porosity (porosity x thickness). The most practical msasurem:nt
of warwts is Yy deteraication of the therxmal conductance, C. which is
de.iced as the amount of heat to paes thraugh a given medium of certain area
over a definjite length of time with 31 givan temperaturs differsnce (calories
per sdcond per square centimster, per 1°0, Temerature differential). The
uupuon %4iil be made that the conductance of a fabric is proportlonal to

the dsgree of porosity of the fabric, That is

() C' w tp

whore t is the fabric thickness in centimsters and I is the porosity of the
fabric. Theoretically, if the thickress is increased, the conductance will
dacrease, Licewise, if the porosity is increased, the ccoductance will
decress ani therefore

.
(b) C' =

where b is an equation constant. There will a'ways be a certain amount of
air in a fabric, and F will be greater than O. Keeping this in mind, let ¢
approwch 0, and C' will approsch infinity. Then let t approach infinity and
C' will appromch O, Theoretically. thes, equation (D) satifies the
conlitinne of & yectangular lyperdols, the osnuation of which is

(e) ==

MC’UC'.ka.“l'ﬁ.
1 both sides of equation (b) are multipliel by tP, then
(d) b= C'Ft

t may b¢ msasured directly in centimeters. F may de determined from
cquauon- {b) and (c) from the discuseion of tsst methods, To determine
€, mny analytical secsuremsnts vw're umie an a Central Sciestific Company
therzal conductance device with fabrics of different structure, weight and
thickness, JFros these test results an average U was deterained from
squation (4). Froa 15 fatrics the avarage b was 1,54 and therslore,

(o) C* = __1_;‘_
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e dasic heut law for any material states trat Cf - K; where K {5 the
theraml conluctivity cf th- material in cal/eec/ce/ce®/°C. 1If % of & fatric
is muitiplied by the poroeity, percoct alr, iz the fabric, the result .s the
teeroal conductivity of alr, awd ‘berefore l“r a 1,86 = b,

actual tests isve been conlucted to detarnine the conluctunc: of 4ir on
tte Cantral Scientific Cozpany thermal cancuctance device with & messared
alr epace cf 1 ca.  The conductance of air wue found to te 1.47 cal/car/eec/
. Ift =1 inthe b::}g}ut law, C = K, the tusral contuctivity of air
wuld be 1.47 wal/sec/ /%¢. ;

™a data in Tnble 5 give the physical properties of 15 fabrics tested
which include the comiuctanca oStained by test C and the calculated condus-
tance obtalrad from equation (e), C'. Tsble 5 gives the rumerical coeffi-
claat of corve.ation Lused oo a perfoct correluticn factor of 1.0,

he culauiated conductance, C', appears to correlate quite well with the
conluctance, C, obtained by test, Figure J anows the rel.tionship of tne
testal mnductance Lo the lagree of porosity, However, thers are se7ural
saurcez of errcr possible to affuct the results. Exaxples are machine error,
«ror in reading the wachine, inaocurate lcading and slight variation in

- reom cuditions, Probebly the most likely acurce of error in calculating Of

is taclig the ascple thicinces, 4As previovaiy stated, T was based an a
fabr : thiucness corresponding to a load of 23 gn/ias%, and that thickness
ws . ot actually recorded. Since it was necessary to xnow this thicineas
to calculats C' 20 doth § and C' would be basad on the sames thicknesec, the
thicowse corresponling tc a load of 23 ga/in® was taken fros conpresaion
curves oimilar to those iz Appendix I,

¥roz the data i3 Table 5. the resuilts whow thure is hetter correlation
balween C acd C' in the rangs of higher porosities. Tis cat bs explained
&y to the fact that squation (2) does not take in consilsraticn the tharwal
charasctoristics of ths fibioas taterial., In the range of higher porosities
wiln, for example, 66 fiver by volums, the amount of fiLer nad an axtreasly
walli offect oo imat tracsmission, Howsver, in the case of felt where thare
is 24 fiber, the hest tranuxiesion 12 affectod wnd equaticn (e) Joes not
|ply with as Zreat a degree of accuracy. If the limiting Yactars of
squation (o) are taken to the extrems whers r approsches O, the coniuctance
would incresge to an infinite maximus, which in no case woula ever be true,
All materials rxhibit some resistunce to bhout transmisiion. In a nonporxs
mierial the hamt transaission charactaristics Gan not Se based on th» amount
of air, but on the thermal preperties of tho :uaterial. in the cuse of

- fabrics it would be highly cosplicsted to coneider the efiect of the fivrous

mterial in leteruining coniuctance, In such case, factars requiring
ceneideration would be conductivity of the fibrous materinl, area of riber
in contact with ths sources of heat, and the arrmagement of the icers,
3t{ll, equation () will hold true with a naglibie tegree of error for
faorics with porasities in eacess of avout 3%%,
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Table 5
Squantion Tercs

?Iﬁ?‘glmn X, ¢ Sy IS XXz
1 3.50 3,38 12,20 11,50 11,82
2 1.73 1.63 2, ¥ 2.t 2.
3 6.76 5437 L5s.50 ¥.60 HoRs)
L R 2.5 5.38 6.43 - 5,88
5 2.89 2.7¢ g.3% 7.%0 © 1,97
3 3.79 3.80 1b,18 .o 1.9
H 2.81 2.bo 8.00 6.03 6.96
8 2.6 2.37 6.03 5.6l 5.83
S 3.1 3.35 9.64 11.20 10.41
10 3.26 3.69 10.61 13,00 12.02
11 2,54 2. 6.5 5.85 6.1k
12 1.73 1.87 2.9 3.5 3.23
13 1.6 1.87 2.69 3,50 3.07
b .58 1.5 2.50 2.50 2.ug
15 3.29 2. % 10,80 5e 5 7.83
Total L34z 42,07 148.27 13,83 .25

I} = Calaclated conductances C'; which ie to Le estimated
12 = Conductances by test C
¥ = Nusber of msamuressots
€ = Coefficient of correlaticn
Wher, the values from Table & are sutstituton in the follewing equaticn,

e s NZX N~ (X NI X)
VINZXE - (2x FIINEXG - (2%
the coefficient of correlation,
e -.m
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